 The Center for Epidemiologic Studies Depression scale (CES-D) has been widely used in studies of late-life depression. Psychometric properties are generally favourable, but data on the criterion validity of the CES-D in elderly community-based samples are lacking. In a sample of older (55-85 years) inhabitants of the Netherlands, 487 subjects were selected to study criterion validity of the CES-D. Using the 1-month prevalence of major depression derived from the Diagnostic Interview Schedule (DIS) as criterion, the weighted sensitivity of the CES-D was 100 % ; specificity 88 % ; and positive predictive value 13n2 %. False positives were not more likely among elderly with physical illness, cognitive decline or anxiety. We conclude that the criterion validity of the CES-D for major depression was very satisfactory in this sample of older adults.
INTRODUCTION
Depression is one of the most common disorders of old age (Blazer, 1989) . It is associated with declines in quality of life (Gurland, 1992) and functioning (Ormel et al. 1993 (Ormel et al. , 1994 . Although depression is generally thought to be a treatable disorder, only a minority of depressed elderly people receive adequate treatment (Copeland et al. 1992) . Recognition and diagnosis of depression in primary care is complicated and has been shown to be rather poor (Goldberg & Bridges 1988 ; Copeland et al. 1992) . In the past decades a number of screening tests were developed to improve recognition of depression. These tests are also used as first-stage screening devices in epidemiological studies. The Center for Epidemiologic Studies Depression scale (CES-D, Radloff, 1977) has been used in many community based studies in the elderly (Radloff & Teri 1986 , Beekman et al. 1994 , 1995 . However, research regarding the criterion validity of the CES-D has been limited to younger samples. In these studies the sensitivity of the CES-D for major depression varied between 60 and 99 %, and its specificity between 73 and 94 % (Beekman et al. 1994) . Total scores range from 0-60. Although the cut-off for a depressive syndrome which is probably clinically relevant is generally 16, some authors claim this too low (Husaini et al. 1980 ; Himmelfarb & Murrell, 1983) . Clearly, data on the criterion validity of the CES-D in older samples are necessary before conclusions regarding its usefulness as a screenings instrument can be drawn. In this paper we report on the criterion validity of the CES-D in a community-based sample of older adults in the Netherlands. Special attention was paid to comorbid anxiety, cognitive dysfunctioning and physical disease, because these variables are known to complicate diagnosis of depression in the elderly (Reifler, 1994) .
METHOD

Sampling and procedures
The Longitudinal Aging Study Amsterdam (LASA) is a 10-year longitudinal study (Deeg et al. 1993) . Full details on sampling and response are described elsewhere (Beekman et al. 1995) . In short, a random sample of older persons, stratified for age, sex and level of urbanization was drawn from the population registers in 11 municipalities in the Netherlands. The sample was used in two studies. Respondents were first interviewed for the NESTOR program Living arrangements and Social Networks of older adults (response 62n3 %, Broese et al. 1994) . About 10 months later, 3107 (81n7%) of the 3805 respondents to the NESTOR-LSN study took part in the LASA baseline interview. Non-response was related to age (P 0n001), but not to sex. The older old were more often found to be too ill or cognitively impaired to participate. Due to item non-response a further 51 subjects were lost, leaving a baseline sample of 3056.
The baseline interview included the CES-D and all instruments except the Diagnostic Interview Schedule (DIS, Robins et al. 1981) , which was used as diagnostic criterium. The DIS was included in a medical interview (response 86n0 % relative to baseline) in all subjects scoring 16 on the CES-D and in a random sample of those scoring 16. Again, non-response was related to age (P 0n001), but not to sex. For this paper, respondents were further selected on the basis of the lag-time between baseline and medical interview. The CES-D has a time-range of 1 week. In the DIS depressive symptoms have to be present for at least 2 weeks before they are considered in diagnosis. Taking the 1-month recency of DIS diagnoses as a base, the maximum lag-time allowable is 6 weeks. For this paper then, only subjects with lag-times less than 42 days were included. This reduced the study population to 487 (average lag-time 20n7 days). Interviews were conducted by especially trained interviewers in the homes of respondents between September 1992 and October 1993. Screening and diagnostic interviews were administered by separate interviewers.
Measures
The DIS is a criterion instrument designed for epidemiological studies (Robins et al. 1991) . We used an adapted version, including only the sections on DSM-III affective and anxiety disorders. Two main points of critique on the DIS have been that life-time diagnoses are unreliable (Knauper & Wittchen, 1994) and that prevalence rates of depression in elderly subjects are too low (Snowdon, 1990 ; Heithoff, 1995) .
Prevalence rates may be low because depressive symptoms, which according to the subject are caused by physical illness, or use of medication, alcohol or drugs, are rigorously ignored in diagnosis. In this paper, life-time diagnoses are used only for dysthymic disorder. In order to study effects of ill health on the relationship between the CES-D and the DIS, respondents were asked detailed questions on chronic diseases (CBS, 1989) and functional limitations (van Sonsbeek, 1988) . The Mini-Mental State Examination (MMSE, Folstein et al. 1975 ) was used to indicate cognitive functioning. Symptom scores of anxiety were measured using the anxiety subscale of the Hospital Anxiety and Depression scale (HADS-A, Zigmond & Snaith, 1983) . This scale was chosen because it represents a measure of anxiety unrelated to depression. Finally, five basic demographic variables were included (age, sex, marital status, level of education and living arrangement).
Statistics
Parameters for the criterion validity of the CES-D calculated include positive and negative predictive values (Bouter & van Dongen, 1995) ; and sensitivity and specificity (Bland, 1990) . Using the standard deviation of a binomial distribution (Bland, 1990) , 95 % confidence intervals were calculated. Characteristics of true and false positives were compared using χ# statistics and logistic regression.
RESULTS
In Table 1 characteristics of the sample are shown. As intended, about half the sample was depressed according to the CES-D. One-fifth had elevated anxiety scores. Men and women were roughly evenly represented. Two-thirds of the sample had one or more chronic physical disease, and about half had one or more functional limitation. Sixteen per cent scored less than 24 points on the MMSE. This shows that attrition has not caused the sample to become a sample of ' healthy elderly '. There was only one institutionalized subject.
In Table 2 sensitivity and specificity of the CES-D are shown. With regard to major depression, high sensitivity and low specificity may indicate that the cut-off used on the CES-D was too low. Analyses were, therefore, repeated * 27 missing observations. † 3 missing observations. ‡ 1 missing observation. † 5 missing observations. using 18 and 20 as the cut-off. The drop in sensitivity is small compared to the gains made in specificity. Because of the low prevalence of major depression in the source population (onemonth prevalence l 2 %, Beekman et al. 1995) , positive predictive values were low, ranging from 13n2 % with the cut-off at 16, to 19n3% at 20. Negative predictive values were very high at 99-100 %. In the baseline sample 14n9% scored above the cut-off ( 16) on the CES-D (Beekman et al. 1995) . In the study sample this was stratified to be 50 %. As stratification influences sensitivity and specificity rather heavily, recalculation, using appropriate weights (subjects scoring 16 : those scoring 16 l 85n1:14n9 l 5n7 : 1), was necessary to extrapolate the findings back to baseline (Table 3) . This causes sensitivity to drop from 100 % for recent episodes of major depression, to 70 % for episodes in the past year. For dysthymic and anxiety disorders sensitivity is very poor at approximately 40 %. Specificity is approximately 88 % for all disorders studied. Re-examining the effect of changing the cut-off, sensitivity for recently experienced episodes of major depression now drops from 100 % with a cut-off of 16 to 72 % with a cut-off 20. Positive and negative predictive values remain unchanged by weighting.
The low positive predictive value indicates that the majority of those scoring above the threshold on the CES-D did not reach the DSM-III criteria for major depression. False positives were less likely to be female (P 0n05) ; more likely to be older-old (i.e. aged 75 years) (P 0n01) ; and equally likely to have received higher education or to be married. True and false positives were similar with regard to physical health and cognitive performance. High levels of anxiety were present in 40 % of the false positives and 78 % of the true positives (P 0n001). In multiple logistic regression the association with age was no longer significant.
DISCUSSION
To our knowledge this is the first report of the criterion validity of the CES-D in a large community-based sample of older subjects. Stratification for age and sex facilitates studying the validity of the CES-D in men and women throughout older age, but, as non-response was related to age, also has lead to lower response. For the present purpose it is important to note that factors that are notorious for complicating the diagnosis of depression in the elderly (physical illness, cognitive decline and anxiety), were all well represented. Although nonresponse was higher among the older-old, this has not resulted in a sample of ' healthy elderly '. Subjects living in institutions were clearly underrepresented.
Considering the results, the sensitivity of the CES-D for major depression (1-month prevalence) was excellent. For use in the community, extrapolation to the source sample gives the most relevant results. Using 16 as the cut-off, sensitivity for major depression was 100 %, while specificity was 88 %. Using a higher cut-off improved the specificity at the expense of the sensitivity. As allowing sensitivity to drop below 80 % is incompatible with most screening purposes, it seems advisable to use the traditional cut-off ( 16). Considering the extrapolated results, it appears that the sensitivity of the CES-D was satisfactory for major depression only. The sensitivity for dysthymic and anxiety disorders was much lower.
The majority of those depressed according to the CES-D did not fulfil rigorous diagnostic criteria for DSM-III affective disorders (positive predictive value 13n2 %). True and false positives were equally likely to be physically ill or cognitively impaired, while anxiety levels were highest among those with major depression.
We conclude that the CES-D has satisfactory criterion validity for major depression in this sample of the older population in the Netherlands. Further study is however necessary to determine the validity of the CES-D in other settings, such as general hospitals, or nursing homes.
This study is based on data collected in the context of the Longitudinal Aging Study Amsterdam (LASA), which is funded by the Ministry of Health, Welfare and Sports of The Netherlands.
